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lability- ejiiiancmg layers, and to method of ir;akugj the same. 



A vertical a v surface emitting later (VCSEL) is & laser device formed from 
ao optically aedve semiconductor layer (e.g., AOoGaAs or loGsAsp) Coat is sandwiched 
b wee apairoi eik , ro stack vh be fori 

metallic material, dielectric material or qCtsanihy -grown sets; conductor material. 
Typically , one of die ndro.T stacks is made less reflective dam the other ao thai a 
portion of dse coderem light dan builds 10 a rtooaaooy cavity formed between toe 
mirror stacks may be emitted from the device. Typically, a VCSEL emits laser light 
tram die top or bottom surface of die resonating, cavity with a relatively small beau; 
divergence, VCSBLs stay be arranged is $H#sts, ^-dimensional or two-diaiessloBa! 
arrays, tested on wafer., and incorporated easilv Ma an optical transceiver module and 
coupled to a fiber optic cable. 

a< * \" a ^ -a., ^ s n- 

s 5 ' stem VCSEL is tfe mos* x ; 

gain-gaided V CSEL An implant VCSEL fectafes one or more hied resistance implant 
s ^ " - paras* redut a ide > SEL, 00 th other 

harnl is dte most eommoa indes-gaided (laterally and vertically) VCSEL. Aa oxide 

SEL includes i and possibly implant res - >ohb en sr. nd op al 
coofinci 

^ - - ^ -x v 0 mode 

-caooloyy. however, will depend is large pari upon development of VCSEL simcmres 
* v \ - . - As dm 



emitting lasers. 

For example.. U.S. Parent No. 5,838,705 discloses VCSEL devices (i.e., a non- 

inhlbliion - -Pa; ars positioned is a respective one of rrvo cladding regions that are 
formed on opposite sides of as active area. According io the AOS pateeo toe defect 
inhibition layers may be disposed anywhere outside of Oho active area, However, the 
detect dibit ] ; - t % t ^ v . d j 

10 erPe: side of the active area to provide a harrier chat does not allow detects formed 

outside or Ae active area to pass throngh and duo the active sues. One defect mhibaion 

or attract and, subsequently . trap defects in the defect rnhtbidoo layers. 
15 U.S. Pa cos bio. 4 ,984,242 discloses a v. edgeuemutmg laser that 

.tnclndes at leas; om cladding layer that includes indium. According to nhe '242 patent, 
the inciuin creates a local strain field that is sufficient to reduce and effectively step 
„ „ ^ ' . . „ - max ^ 

spaced apart horu me active region or may he positioned adjacent to the active region. 
20 tnunnnwetuammg layers may be added to the active region barrier layers to improve 
wjo esmrmg ,asv. >z. <o 
indiorn is provided throughout ede edge-emitting laser heiemstnreture to impede the 
growth and ntigrahon m' defects io the crystal laaice. Another e , ^, t „ hteludeb 
s - ereby, reduce v 

as contact resistance of an overlying metallisation layer. 7'he s 242 patent does not teach or 
suggest the ase of indium in a VCSEL., nor does if teach or suggest how mdmro might 



> , o * features retiabiot} -enhancing layers that perform, specific 
30 unc is at on ? ma to reduce a 

r I j therwise align- grad V'CSE 



eafeaocfeg layers are caarfegareu to perform oue or more of fee Mowing ftisiciions 
worus fee VCSTI. atraciare: gefterrog (i.e., removing defects or rec.nirfees froro 

v - - O ^ v . _ e. n — 4 

-•^ lon/ai - - ring grotvth, proc sing r & trmferfe. By etxeteg t 

- eg o v i , , <, x 

reapect to ax? identified defect source, the .fevcsifeon enables YCSBL struciurtss to be 
10 - - x — w < \ fe~ ~e.— c " * ~ asvces 

Is ©ae aspect, ihe on features; a \c _ cavity surfeee eraittfeg laser 
NV — ^ n x.t uitk, a second mirror stack a ity rafeos 

aa active region, Tee VCSiiL also includes a delect source are! a reifebihry-enhancing 
15 t mad wife reject t souk ducedt 

oeei o fb re k 

eaore of eh© tblioveieg features. 

The reUabiUty-eritasomg layer may be positioned between fee delect source aad 
® - source, of fedsss 

abo 5 be , s qi both 

fee tears y regici ;ier fee CS 1 strucnm th 
Co,- < fey 

nore fee j o^in- 

25 - v * s „ T , ra ta - j - v ^ v 

erfe.ancfeg layer may bo lafeoe--rsatehed to v - layers. Aberoadvehu the 

rebabiiby-eubaiKiog Saver may uacfede one or mare strained layers. The reliability- 

'rskvfeuya aaoc u - <de strfened, c reash 

strfeeed or strafe compensated. The reiigbility-ealiaocfaj )uycn :.oy fe separated fey 

to riOiroollabliby-enbeuciog layers. 



v ^ O v. 'I' ^ \ aV „ CC \> cO 

^ , >. . f CS L 5 ; SBL S an s> 8 

VCSEL, one or suae dielectric layer's, a doped regioa of the VCSEL, and the substrate. 

".roe rehabbea-arraianerag layer rosy be ecaafigored to balance strait; created by 
die dafecr scarce. Per example, the defect source raay include as oxide region thai 
e eee s .a con 1 and fee relbfe sg i > 

within mo compressive strain field and may be cbunncterbted by amsbe strain feat 
sibastan daily balance urn compress ive strain feM. 

In same eehafelrsaeea, the defect source creaaes a coecentradon gradient that 
induces defect obgraboa. b; feese enabodhnearls, foe ,a\ layer may be 

cosbgurod to reduce (be induced defeat ohgratien. For exaaadc the defect source may 
be aborseterrcred by a reiathudy high group V vacancy eoncerorabcao in which ease, fee 
reliability •osfeancisg layer preferably is characterised by a lower diffusion rate of 
vacancy defects. 

"0 ae N 1 c s ~\. f n a- < a vOn u 
be accordance wide, this smfeod, a first mirror stack is fanned, a second mirror stack is 
forruaci, and a cavity region having an acftvfe mo 

v . » an <\ < e o> ^ . - , a- fee 

gradation of one rsi 
Other features and advantages of fee invention nail become apparent from fee 
, v i i feedsfess. 

FIG. 1 is a diagrararaadc cross-sections! stde view of a portion of a VCSEL 

FIG, 2A dragranimahc tap view of a planar oxide VCSEL with a reliability- 
eaoancrng dryer positioned between an or blue a pare of a bra; mirror stack and a 



FIG. 3 is a diagrammatic cross-sectional side mesv of an index-guided oxide 
VCSEL with a reii&bility^ribaiming layer positioned between an oxidised portion of a 
first tnirrt - st ck - an res t : 

VCSEL with a reliability-enhancing layer positioned between as implant region of a 
first mirror stack ire in aeti : region. 

la the following Uescrrphoo. iike reference nurnbem are used to identify like 
elements. Furthermore, the drawings .are intended to illustrate major foanrres of 
exemplary , \ , ^ in a diagrammatic manner. The drawings are not intended to 
depict every feature of actual embodiments nor relati ve dimensions of the depicted 

- ^n y o ; N - s Asssa first mizrot stack 14 aad a second minor 

snick lo s whnb is Cnuw: on a substrate IS. Cavity region 12 includes one or more 
active layers 20 (e.g., a quantum we!:! ©r one or more snaumm dots) that are 
sandwiched between a pair of spacer layers 22, 24. In other \ -> active layer 
20 may be located aljove or >siow a single spacer layer. A pair of electrical contacts: 
8 s e vCSEL 10 to bs driven by a suitat - b; s no , enn in mn a io . an 
x rd^across electrical coin^vx fo . s 0 _ 

in VCSEL Ill, hi general current hows dwough a central region of foe VCSEL 
Sdnodane and ksmg occurs in a central portion of cavity region 12 dmreimhler the ' :. 
"active region"). As shown rn dm embodiments described belong a oonfinernent region 
o ; an oxide region or an implant moion. or hotly may pruMds lateral - e w or 
carriers and photons. Camlet confinement results from dm relatively high electrical 
resist v i ; - ss electrical can eretUialC n 

V S v. ». , e y t * „z ta > w^C^ » w 

deo of diC 

eonriowoieur region that creases a lateral reffacdve index profile that guides the photons 
that ana generated in cavity region ; 1; . whereas in an implant VCSEL optical 
confinement results priamniy Com. thermal leasing and dm injected carrier distribution. 



. The carrier and optical iaaeal e."ad.naa-o;: - -. ti^e dsadty ^ photons 

within the active region arxd eonsecpamdy, increases ih& epbcfency w;G which light is 
genera :ed withm the aedve reyGm G .wme eabodimenw 'be confinement region 

* — v ^ v e~ r = oa v v 

5 VCSEL cart-ens. preferably flows, d other embodiments, oaGe layers may be used as 
pert of the datridoeat Bragg reflectors a the VCSEL stmctora 

arid d . \ - InGaAsP (i.e., mGaAsp, GaAy GCiaAs, GaAsP, and Gatd, GaAsSb 
(i.e., Gmsdn GaAa, and GaSb), IsGaAsN (i.e.. GCGAsdh GaAy foGaAs, GaAsdb 
G cab < aN), o \ &<3*AsI (i e , A feOaAsF, AlMkAs, AlGaA. GGsGn bGmfi 

GaAa InGaAa Ga.GIb and GaP), Gther qoaniam wed layer composibons ado m.w be 
■BS&&. First and- ssctM spacer layers 22, 24 sssy be formed free; g t e , ; 
based open the aiaoerw; composition of the active layers. First artel second mirror 
stacks 14, id each .includes a system of adenwbag layers of different refractive index. 
15 - & - s aw m .on u^;o:\.,i. Psm-p wbc : - d^u - - - - „ desired 

Foj exsnpde - md vto^ mirror stacks e-^ layers 

of high ahnrrbsam content AIG&As and low abwainum content AlGaAs. The layers of 
first and aecorrd mirror stacks 14, Id preferably have as enbcbve opdesl Cacdness (i.e., 
20 d ti e *ef acta , * -\ A „ v , 

Substrate IS say , ■ a\ J from GaAs, 
r IrA-aAv a id n cy be m Sep* . 
doped p-aype te.g., nod; dad A buffer layer 32 may be grows on sobstrate IS befcbe- 
sd bbtwe a a road a - . - ^ , v , 

s - - v.s w so that laser light is emitted tmm dm ton smasee of 

PCS EL lib" in odter emdea d rot st - - - es gra d 

is emitted from die bottom an ana of substrate LA 

VCSEL lb may de Gamed by eorrvsnboeG epuaxtal erowG. processes, saw as 

30 x ^ i g dowv. a 

least to the confinement region of VCSEL 10. The mesa structure may be etched by 



? 

conventions! wet or dry etchms processes, including reactive mo etching (RLE) and 
eae ~ ' N i hoc RIBE 

As explained above, a has bees observed um certain delec? sources (e.g., an 
0 on - i es, etche s s 

13, dkdeeoia layers, and highly doped regions) e to introduce strain, stress or 
defects (e.g. , imerfacdd voids or point defects, or bold} that may degrade the 
perforo \\\ bCSI owing VCSEL 

VCSEL structure w redece derectundoeed degradation sd d:e active regum or other 

* c eg - os 14 j particular, n hy- 

eriiumciog layers may be positioned between the active region and the delect source, 

s- ' a c dew, ; - , on , t - \ e 

doth). The rebabiihywGiariewtg layers may incMde one or , of the mbowine 
eier.ne.nts: In, bg B, N, and oh. Those elements way be incorporated into thieh layers 
tmn ars lattice naaicned to surrounding lagers, deb: strained layers, and super. isthce 

% -• % * » s n memsie GaAsP s I&GaAsF, AiinGaAs?,. AJGaAsSb, laGaAs, 

InAIGaAs, IsGaAsP, and Ga^N. Tbc reliabihty-enhaawiog layers rosy be 
'no , ->.m of a'YGSEL, n\ 



A ^ - - < w e layer may oe used to balance the sau:o welds moused by a 

—'"a. " N em' >e, — - , „„ x „ , , , 

eebaba S si ensiles eured rehabi - temg lave; s GaAs.1 

o n v _ o A 

reiiabuhy- enhancing layer also mag be gosnior.ted adjacent -o or wltheo a defect source 

, , o \ esc n 

source that creates a concenuation gradient that induces defect migration, a reliability- 
enhancing layer may be configured to reduce the induced defect any moor- For 
example, when a defect source creates a group V vacancy gradiew, group ¥1 dopant 
- * N ■* s m ; ^ o a * „ t mm 



characterized by a low group V vacancy coscenimks may be positioned within fee 
VCSEL structure to reduce or block dw cm > 1 dopaoa othej point defect} 
migration. 

Referring to PIGS. 2A-2C ; in one . e a planar indexmnided oxide 
5 VCSEL 40 includes a cavity region 12 sandwiched between a fires minor stack 24 arm , 
second mirror stack 16, wbiob is fenced on a substrate 18. Cavity region 12 includes 
one or more active layers 20 (e.g., a quantum well or ens or more quasoma dots) eon 
are sandwiched between a pair of spacer layers 22, 24. As shown, in dds einbodjrnenp 
W sH 40 das a planar structure that mciades a member Wholes 42 that expose a 
J number of re , de regions o first wor stack 14 b< adds. Vt least 
pon-ion 2 st mi or stsc] 14 is feed sec! s\ o m t 

toward a cenoahy located apajtfcts regies 4<> r ~ ^ = — holes, 42 arc 

^ *.\\t;?^.>-«: ^<a, ^ r one on v 

front tm first surface of VCSEL 40 down at leasi to the layer (or layers) corresponding 
)0X * N ^ N eVCS* tria is e * > he ct ware apor, 

the toted * a e; vap >j e iters holes 26 and oxides port 26 ia a n dial direction 
away from holes 42. The oration process eosiiases iMi the ojiidatios tern Mm 

an-ox Other oxide % SE1 

em\ bo items may inc ec . more or fewer exposure hols? 42 or exposed regions with 
- N ~ arches. 

xluce defects (e.g., in i 

" ^ ~ - " - - vs. ' 1 s 

™ - ^uentprocesdng steps sad <kring VC^BLx^mm) tod, 

FIGS. 2A--2C a it :2>n. -dn.ne- layer 48 is disposed between oxidised portion 26 

^ " w, k a&es 

exnooamtento, rettabmiyanlsancmg layer* may be positioned within sxidked portion 26 
or in -dose proxntbey to oxidized portion 26 (above Or below, or both). Reliabduy- 

oxMh.ec po ion 16 - 
first mirror send . > cavity region 12 a localized strain fkid iha? substantially 
reduces defect migrate,:; tbrough redabuny-enhancmg layer , and, thereby, protects 



cavity region 12 from. ..v., degradation. Is the embodiment of FIGS. f A fx 

- x ~ oc - c r 0 , > -y.y h-Xtl CO 7 < 

\. C>,, As md ; -Oe or OWO \ 

examp re iblligwer. g layer 4B may be 
5 InGaAsiy or GaAsP. f^akim^afaantmg layer 48 m& : be termed by adding one or 

cxnrstituent layers of hirst mirror amok 14 that are located between oxidieed portion 2d 

fo some enbmdoocms, si least a portion of second mirror stack .16 msy be 
0 oxidkod torn,: the exposure holes 42 inwardly xowri a reranbh locw.od region to 

achieve additional lateral ccebiaenwoa of carriers and photons. In these embodiments, a 

mirror s > a.oo ca t i 12 TM? re ab * - 
elected to mod\x< e taw the oxidized pordos of second mlrroi stack 16 sad cavity 
- e\\ ^ s _ „ ,\ 

reliabillty-eahatjcmg layer and, fereby, protects cavity region 12 .from deiecthndoced 
degradation. In these embodiments, the rdiabilhy^mmncmg layer may have the saint; 
A - N « \s ^ . v , nmerts 

msidooe r Cv.ee ion of second 
mirror stack 16 or in close proximity to tire oxidized portion of second mirror stack 16 

XjKi\0 O, | 0 V.\ , 5 N^g 

For example, other embodiments may loednie r£liabbuy--eahancm.g layers that 
fiance the strai uced I ti £ s 

mirror stack 14 or second mirror stack 16, or both. In one embodiment, a reliability- 
* ^ 1 " - - 3 - v Oi t os oe v\ £ e 

" N s ' r sex; j r sumk 1 6', or bo Is ant 

embodiment, a rekabbhymnaancmg layer may be positioned , re oxidized 

smeoOimeo.g the oxtdtaeo poroons of first mirror stack 14 or second mirror stack 16, or 
hold., .may be sandwiched between respective pairs of redabldtywrcdiiBCtng layers. In 

- - % -sslvo v reated w othd i 
mirror stack 14 or second mirror stack 16, or booh, may be balanced substantially by a 



rdddblnymnhancatg layer dan introduces a eonmensabng tensile sir an, into the. mirror 
stack. For example, k an embodiment feat includes AlGaAs mixxox stacks, tbe 
rdiability^nhaackig layers mm be formed from byGa, J ; \ vfeero x < {5.5 temdle. Irs 
these end limems the .. ai 
3 delects as wed as block fee - - „ , e of defects into cavity region 12. and other regions 
Ot U< \ ' kylE ^ o ; e 

° N de 26 to mmher r~ QS ; -he 

embodiments, one or more rehabibtymnhancfeg layers may be barmen above or within 
f the \ . a , , > region to getter delects, or bee- a > the impiajatabon regies and cavity 
nmm- . \ s „ v, N v o ^ o , s - - v y 

Reie eg o FIG 3, in another embodiment * - < „ ,ex ^ , Kt . 

VCSEL 50 is formed into a mesa (or piiiar) structure wife exposed smewfeb. At East a 
- ^ w *nm^ - k 1V - 0 < 

w&3fd 5 c&nx re regies. As set v. danon o 

VCSEL 50 induces strak or stress is the VCSEL structure baa; may mtroduce defects 
(e.g., m orb c:*. mb ~ o mm dofcsts* or boHs} that tend to migrate into ifis active 
region over bone (e.g., doting smmeqnem processing steps and daring VCSEL 

- ccM3^|omi»-:the reHabiliry of VCSEL 50 in das 
embodiment, a feiiabdbymnhaaeing layer 54 is disposed between oxidized portion 52 of 

x " - la same embodimeats, at kvn 

3& 0514 0 naykmmidme rota d :• id ] \ maardls on nd t 

centrally located region to achieve additional lateral confinement of carriers aim : 

^ x — N - e nhancks yet mas » disposed between 

the oxidked porooa of second mirror stack id and cavity region id. Other 
embodiments may ineiade rehabEEy--crfeanam.g iayers dan are designed m baisuaee tbe 
strain that is introduced by fee lateral oxidation of Erst mirror stack 14 or second star 

aa... . ^ am bee 

sua be secofid mirror 

stack, or body or in close proximity to (abo ve or below, or both) die oxidized portion 
of fee fet mirror stack or fee oxidized portion of the second mirror stack, or both . 



II 

ieeierring to FIG. 4, in one embodiment, a gain-graded implant VCSEL 60 

mdrror scacn 16, which h Omrted on a substrate 18. Covey region 12 includes one or 
more active layers 20 (e.g., a qomitom seed or one or more qoonoim dots) thai are 

VCeSHL 60 meH-des so implant region 62 that deooes an aperture region 64. 0 has 
been observed dial nop ;uo regies 62 ol \ CSV I 6 , especi at On n plan aid n ft > \ 
, * o» \ e o „ » w - n , c , ,? f e om„ 

noo v , o os , steps and do.ri.ng VCSEL operadom ana, consequently, may 
to nonmromtse die nebabbny of VCSEL 60. 

in the embodiment of FIG. 4, a reOahnV'-etOtsncing Oyer 06 io disposed - 

enhancing layers may be nooaoned obdnn nogCm region 62 or in Voce proximity to 
- ■ N ' eve o below, or both). K „ - . 

.IS v Ov . v ^ > v t .6 e n - zispVm 

jregioa m and cavity zz$km H that substantially reduces defect migntkm through' 
' ^ A - \ m < „ vo v -c- : mer* select 

inOnt ed degradation, in die embodiment of FIG. 4, reliabniry--grsIxaocrng layer 66 may 
be; Loosed worn a semiconductor alloy Loomed from AO Ga, As and one or trior© of Ore 
20 - * B, p \ .ckI H, Fo sm 

»\d:0,f'^ -x. r dmrmisg 

v- - " ^ one or uore f «.■&, Is. B. I \ v t 

epitaxial growtb of one or more of 6be coosooaest layers of first mirror \ m 14 located 
between implant region 62 and cavity region 12. 

^ k V> tim be 

implanted to aeoieve additional lateral confinement of corners ami mhoiomn Is these 
embedments, a e layer may be disposed between One - m-ov region 

of second mirror stack 10 and cavity region 12. Tins redabidtv-enhancum laver 
preferably in selected to produce between die implant region of second mirror stack 16 
and cavity region! 2 a localized some lb 

through one rebabilOymnhsiidng layer ami thereby, protects envoy region 12. from 
e - - — o-xx; 



same stmctare a ? other embodiment 

reiki i k mtrbartc rig ho .rs rna\ be p mrtkn s 1 wirhir the ■ a hint reg n 
mirror stack 16 or in close proximity to the mm! am region of second mirror stack 16 
(above or below, or both). 

Other implant 7CSE1, mo rosy include >< + , c ^ v rm layers 

that arc designed to prevent degradation of active layer 20 and otket VCSEL redoos bv 
aerects teat bis gin be created Curing the mcom of first mirror stack 14 or second 
nnrror stack id, or both, f or extmnple, io one eofaodirasm, a reiudmbymnhamum 
layer rosy bo posihoned adjacent to (e.g., above or below, or both) the implant regions 
of lust mirror stack 14 or second mirror stack 16, or both, m another embodiment, a 
relsabBiiy^d^ciBg a^r may bp positioned \n the implant regions of first mirror 
stack 14 or second mmm mck 16, c? hot km - . v , r m n 

second rnirr , , 

mm- respmnne pars of - , m : -cr&ancmg layers. In such mho&h*.ns n.-. 
rcltahuitymmiancing layers may modify strain fields, getter dekboia (e.g., polar defects), 
^ « i x -m ^ s -v, v ak\ 

S Srlietee 

" - * ^ - m o 1 , e t ^ 

doped moth a depam that has the opposite polarity as the substrate IS (e.g., mrype 
^ x s r ^ Sc^ dxmt s 
,at has the same v< 

s tor aa mrype substrate lis), it has been obsemed chat the process of depute the first 
. , - ' a oo ray introduce w> ■ vm>g > „ v , 

" N ~ - ^ i ^ , xdodes 

>am e;>. over ism. e.g ones 
steps and daring VCSEL operation). Accordingly, some embodrmems may ineiade 
x ; — mf t m- s a) rs that art disposed between pod .o ns m dm ca vita 

be(ow ; or both). The -< ntmliH exiMram v layers preferably ate selected to produce 
localized strain fields mat sobsmntially refuse defect migratios therethrough area, 
thereby, protect cavity region 12 from dmectmmoced degradation. Each of the 



Ga, As and one or more of the following decerns: la, B. F, Sb arfe.N. For example, 
be reliabiiity-enhsncing lay« - v. nGaAsy IrrA I Q&& 

- ; N ~ dding one or more oi 

B, P, Sb and N dun : pkaxi v t re oi )c eonsdtuen 

: ^ >fedrst ami sect uack g ated bervve e dogin 

regions six! cavity region 12. 

N - V^._ . s 0 „ w ^ j X 1 

are potential sources of detect don might migrate imo critical YCSBL regions (e.g., 
fee cavi;.)- region, vhssh includes the active layers and fee spacer layers) over tune. For 

cnhanefog layer dta; is positioned between fee active regies &&d the substrate or in close 

\ not s.X-v. ^ . ,-nbodixDcats (he 
be positioned vefenn second mirror slack .16. The redabidty-enhancuiO fever rsav be 
formed from sen \ jdaci )r alloys formed torn A!, Ga, As and one or more of fee 
& 1 * ® m &t ~ N Sb « $ s exa r 

may be formed irnm WfcAs, InAIGaAs, IsGaAsP, or GaAsP. The reliability, 
enhancing layer may fee formed by adding one or snore of, e.g. , X B, i\ Sh arid M 
more of fee constituent layers of second mirror 

stack J6. 

hi souse enbxxiimeoas, one or more rebabbhyeefeaueing layers may be 

alter defects or e, 
t.hfeer enfeodimenrs arc ehhm the scope of die claims, 
1 4 - >od - ckec? cooocci 

>v mo . r , s - o - . - umueleetns 

layers ruay be used to form the DBR mirror structures In addition, fee reliability- 
erfeancan layers may be totmea born single layers, as described above, or from 

^ n vatota 

supsrb feces). 

Soil other embofesients are within the scope of the claims. 



CLAIM'S 

h cal ca surface emit s 3 S EI 

u first curnr .slack, 

a eon regies disposed between the first mirror stack and fee second mirror 
a defeci source; aud 

s layer positioned wnh respect to toe defect source to 

reduce defeetondueed degradation of one or more VCSEI. regions. 

2, The VCSEI, of claim 1 ; wherein toe tdiffeduy-erfearicing layer i: 
urce ssd fee e, , 

positioned within the detect source, 

4. i e \ v ;r T . o, v,o 1 v ,oc, * < , 



die c&vdy regie 



iteu horn too hirst reliabddv-etfeaoenog Cyer by one or none other 



comprises- one or more of ede iehowirw elements: mdiony boron, phosphorus, 
antim-n; , an,, ,nne; r 

& e ■> - „ , s vc " , „ - ~ , ec 

9, 'i'he VCo'EL of claim * wherein fee ^ layer includes 

t - Os 



10. Ik- VCSFT of daim I . wherein fee ^i;5buuv enhancing layer includes 
s xupeilsttice. 

o~ - - >w s - . ie e 

12- Ti e VC SEL of claim 10, wbexein fee superlative is iattfcMaatcted to 
surrcHsadisg layers . 

13. The VCSBL of claim 10, wherein fee scperlsrtfce is s^-conipessaied 
forthesenT>uMing layers. 

1 1 lie VCSE! of cUm 1 , wherein the defect source rocimkr re; oxi>lr^ 
portion of the VCSBL. 

15 The VCSBL of claim 1 , wherein fee defect source includes ao unpknt 
region of the VCSBL. 

16. The VCSBL of d&im 1 , wherein the defect source xnciodes m exposed 
region of the VCSBL. 

17. The VCSBL of claim 1 , wherein the defect source Include* one or more 
dielectric levers. 

18. The VCSEL of claim 1 , wherein the defect source includes a doped 
region of the VCSEL. 



Tee VC> claim 1 ¥ where i 



Hit- ' L -w\ e.wir, aw- a , e i c t , , a., 

gr&caem inducing defeat migration, and the relisbillty-soli&aCB'ig layer Is ocwiaaoreti to 
tics. 

23. VCSEI. of claim 22, wherein the defect source is characterized by . 

T W^ v.m T , ^ ~ - " 

•dearsotw iced by a Jew group V vacancy diffusion rate. 

24:. A methoc v „ , s 

(YIPS EL) r comprising : 

forming a first minor stack, a second mirror slack, and a cavirv region disposed 
dwrebe w , whered e cawby reg n includes as active a: m; 
, a .., 

fbraaisg a <*\ _ , „ 

ose or mors- VC5EL regions. 

The mefeod of i 24. wbwcw tire ig iavt 

positioned between die defect source and the cavity region, 

26. The method of ciaiis 24, wherein the jeliability-ennancing layer is 
positioned within the defect source. 

27. The method of claim 24, wherein fee tt\ , > ■ . v layer is 

ct source. 

28. 31te medsod of chore 24, wherein the defect source is disposed between 

; lie .met known prising forming ; ma 2, 

- ^m:> earn.; 

layers.. 

rke.metb.od f claim 2a ."wr.a reliabiiip enkaj yer 

comprises one or more of the foil owing elements: indium, boron, phosphorus, 
antimon) , an 1 mm v en , 
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lattice -matched to surrouadimg layers. 

32. 'Use - T o of claim 24, wherein ike n - h , on o m layer includes 
one or more sti d.i e 1 avers 



34, The n ed od of c am 33, * her* a - » su srk ties is streincc 

35, The method of cksim 33, wherein tht superiatike w ImKentueched « 



363 The method of claim 33, wfedn tm ;m e a n n is ^ - w , rrv , <; 



37, Toe method of claim 24 s wherein the defect source iuelodes a 
ponies of the VCSEL. 

38. The mdm of claim 24, wtam the defect source includes sj 
region of the VCSEL. 

39 The method of claim 24, wherein me defect source httJa 
regies of fee VCSEL, 



40, The method of claim 24, wherein the defect source includes o 
dielectric layem 



* * - - N as 2 * ier £ ruhe de xrree In £ s t „ t 
configured to at least in part balance strain created by the defect source. 



44. The method of cMm 43, wherek , c detect source iscksdes as oxide 
region inducing a compressive strain field, and the reiiabildy-srtliancmg kyer is 
positioned within the compressive strain field and is cbaracierked by tensile strain. 

45. The method of ckhii 24, wherok die defect source creates a. 
coacaattatloa gradient reducing defect trdgradotr and dee rcli&biihy^ohancmg kyer is 
configured ee reduce the induced delect migration. 

- t od f ad - hm t d ... i- s 
v - kgh group \ : vacancy coscemtsos, and the rdkbnity^kanck- layer is 
diaracteed by & low group V vacancy diffusion rate. 

>ed rs etarencc > e sec > drawings 

^ " - ^ . , " \ n- , ^ k C" 

drcwlsp. 
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